stretching upon the two sides of the body. On this assumption equations have been arrived at (of. Crozier and Pincus, 1926-27, etc.; Wolf, 1926-27) which successfully describe the connection between angular inclination of surface (a) and angle of orientation on the surface (8). The curves depicting these relationships are distorted in predictable ways when the animals are forced to carry additional loads, and in other ways; and the equations are necessarily different for animals which are geometrically diverse as regards the distribution of gravitationally impressed tensions in the supporting musculature (cf. Crozier and Stier, 1927-28, 1928-29; Kropp and Crozier, 1928-29; Crozier and Pincus, 1929-30) . (It must be remarked that to these facts, and to the functional analysis of the variability of geotropic performance in the papers cited, Pi~ron (1928) , von Buddenbrock (1931), and J~iger (1932) give no attention whatever.)
Upon an inclined surface the gravitational component capable of influencing the orientation of a pulmonate is proportional to sin a.
It happens that for Agriolimax and certain other animals the angle of upwardly directed creeping is nearly (although not exactly) proportional to log sin a (Wolf, 1926-27; Crozier and Pincus, 1926-27, 1929-30) ; the curve is in fact a fiat S, although closely spaced observations are required to detect it. From reasonable assumptions as to the distribution of the pull of the animal's mass upon the anterior musculature, the equation
was derived (cf. Wolf, 1926-27) to describe the limitation of orientation in Agriolimax as a function of the slope of the surface, and does so successfully.
It was desirable to reexamine this matter, particularly with Helix. J~tger (1932) concluded that since Helix has a statocyst, and since it appeared to orient precisely under water, with no dependence of 0 upon a, the law of limitation of orientation through equilibration of muscle tensions on the two sides could not apply. Hoagland and Crozier (1931-32) had found, however, that the reaction time (latent period) for geotropic response was inversely proportional to sin a, and was shortened by added loads (as in Liguus (Crozier and Navez, 1930) ).
II
Hdix nemoralis were prepared a day before by removing the eye-bearing ends of the cephalic tentacles. With the foot extended for creeping a snail was then transferred to a large freshly washed glass plate inclined at a desired angle. The long axis of the snail was placed in a horizontal line. When creeping was begun orientation upward occurred at all slopes above 15". The oriented path was at an angle 0 on the glass plate, measured by placing on the under side of the plate a celluloid ruler with a central line marked upon it which permitted the rapid use of a protractor. There were frequently slight differences apparent between orientations to the right and to the left. For convenience, only orientations to the right were considered. Th~ path is easily disturbed by air currents due to motion of the observer's hands, or to the breath. In creeping there occur alternating slow turnings of the anterior end to right and to left, which bring about a slight time fluctuation of orientation angle in repeated trials at brief intervals. If initially so placed that orientation involves turning to the left, the snail frequently swings "too far," and the final path is oriented to the left--that is, as if it had been started with the right side up. If at the start of creeping the head is lifted and moved about, the first part of the upward trail is likely to be too steep, as the anterior end of the foot becomes attached and initiates creeping at the point on the inclined glass which is encountered by the head; if allowed to creep far enough, however, the orientation angle falls to that characteristic for the particular slope. After repeated handlings, downward orientation is apparent at a = 15 °, or even at a = 20°; increasing the tilt of the surface, however, always results in prompt upward orientation. When this "reversal" to downward creeping is apparent the body is much extended, as in tests under water. The reversal is perhaps related to that seen in Liguus with too heavy loads (Crozier and Navez, 1930) . Orientation angles were also measured by tilting a plate initially horizontal upon which Helix was creeping freely; this more tedious method gave the same o's as the other. At a given slope 0 is slightly higher when the snail creeps faster.
Similar tests were made at three slopes with the snail adhering to the under surface of the glass plate (Table I) . As with Agriolimax, 0 is the same, at the same slope, as when the snail is on the upper surface (cf. Wolf, 1926-27) .
If by means of a thread the shell is held on the upper side of the snail while orientation is being started, the head does not turn upward and creeping continues horizontally. Occasionally the shell is held in this position spontaneously, and horizontal creeping is evidenced even at a --40°5 if the plate be then rotated so as to bring the other side uppermost, orientation is prompt. Such facts speak unmistakably for the determination and control of orientation by the pull of the shell and visceral mass. If this pull be increased by attachment of a bit of lead weighing about 1 gin. to the front of the shell, 0 at a = 20 ° is increased from ca. 45 ° to 64.6 ° 4-1.82". (It is of interest that for this case also, P.E.o, plotted against 0, shows in Fig. 4 that the variation of 0 is a definite function of the intensity of excitation.)
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These facts are unequivocally consistent with the view that the determination of 0 as a function of a is not due to any operation of the statocyst. J~iger (1932), however, states that when Helix creeps under water (reducing pull of the shell), 0 is approximately 90 ° at all slopes of surface, as Pi6ron had claimed (1928) for Limax.
We have earlier pointed out (Crozier and Navez, 1930; Crozier and Pincus, 1929-30) that with Liguus and Lunatia o is less at given a under water, and that with Helix and Limax it is difficult to make really significant tests. Particularly if the posterior portion of the foot is not adherent, the directly upward pull of the floating shell makes it necessary for 0 to be greater if bilateral equalization of tensions is to be brought about; the total downward pull is reduced, but simple consideration of the geometry of the situation shows that until orientation is achieved the ratio of tensions on the two sides is augmented. The situation is the same in young rats to which a gas-filled balloon has been attached at the midpoint of the back, and here also 0 is increased. When Helix is under water, moreover, the body is much extended, and mechanical irritability seems much increased. Nevertheless, tests in which Helix attached to a horizontal plate are lowered into the water and the plate subsequently tilted do show a lowering of 0, provided the foot continues to adhere and ff creeping continues. The test succeeds better if the shell be weighted with lead, so that it is not too buoyant. (If the upward pull of the too buoyant shell is too strong, there may be a "reversal of geotropism," as shown in Liguus (Crozier and Navez, 1930) , which would, however, lead to upward creeping.) A well attached Helix, under water, is easily directed by gentle traction upon the shell to one side or the other. For these reasons we conclude that the argument advanced by Pidron and by J~iger is without real foundation. Table I . Fig. 1 shows that with sufficient exactness 0 is a nearly rectilinear function of log sin a, as with Agriolimax (Wolf, 1926-27) . yon Buddenbrock (1931) has suggested that the orientation observed in these experiments is better measured by the angle of the animal's transverse axis in space; i.e., by the angle ~, where sin ~ --sin a. cos 0.
He states that ~ "varies very little;" JRger (1932) is of this opinion also. This was held to signify that upon an inclined surface the animal "tries to keep its transverse axis as nearly level as possible," rather than that ~ is controlled by sensorial equivalence of tensions. In fact, however, although 6 is necessarily a fairly small angle, it varies much more than does ~--by a factor of I0 when 0 changes by a factor of 3, in some cases; and since 0 increases with ~x it is obvious that ~, far from tending to constancy, must pass through a maximum--as indeed it does in each such series of measurements. There is consequently no basis whatever in the data for the idea that geotropic orientation is limited by selection of a minimum of transverse inclination; and it does not seem to have been noticed that the experiments with added loads are completely inconsistent with any such notion. (0) The rectilinear relationship between sin 0 and 1/sin a was derived for the orientation of Agriolimax and similar forms, in which the tensions supposed to be brought into equivalence in a sensory way by the completion of orientation are exerted upon mutually inclined longitudinal elements at the anterior end of the body. It is sufficiently obeyed in the measurements with Helix (Fig. 2) .
When the force responsible ior orientation is small, the precision of orientation must be expected to be less. The chance effects of other sources of stimulation, with their possibilities for central nervous inhibition of the gravitationally induced excitation, are then more likely to affect 0; and the spontaneously occurring changes in geotropic reactivity are likely to have greater effect. There should then appear a relationship of some sort between a and variation of ~. For the pri- . Table I) , as related to log sin el. mary geotropic excitation of Helix Hoagland and Crozier (1931-32) demonstrated that P.E.R.r. is a straight-line function of R.T., where R.T. is the latent period (reaction time). For other cases it has been shown (Crozier and Pincus, 1931-32 ) that ~0 declines rectilinearly as sin ~ increases; the rule holds in the present instance also (Fig. 3) . On the other hand the relative variation of e is expected to be a de- 
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clining rectilinear function of O (Crozier and Pincus, 1926-27; etc.) ; Fig. 4 shows that this is found (each of the plotted values is subject to a P.E. proportional to its own magnitude, so that the scatter is greater at low values of 6). Fic. 4. 100 P.E.o/O declines regularly as 0 increases; see text; the >.< refers to an experiment with added weight (p. 661).
SUMMARY
The snail Helix nemoralis in negatively geotropic creeping orients upward upon an inclined surface until the angle of the path of progression (0) is related to the tilt of the surface (~) as (4 sin 0) (4 sin ~) = -const.; 0 is very nearly a rectilinear function of log sin a. The precision of orientation (P.E.o) declines in proportion to increasing sin ~, P.E.o/o in proportion to 0. These facts are comprehensible
